To understand the mechanisms that regulate the cortidefects. PFN-1 binds to the Formin Homology (FH) procal actomyosin cytoskeleton in animal cells, we have tein CYK-1, which also is required for cortical MFs. In examined the requirements for the FH protein CYK-1 contrast to PFN-1 and CYK-1, the Arp2/3 complex ap-
Introduction

Profilin Is Required for Cytokinesis and Cell Polarity Spontaneous microfilament assembly occurs in vitro
Through BLAST sequence comparisons, we identified when the concentration of monomeric actin (G-actin) in the C. elegans genome three predicted genes, called increases beyond a threshold level. However, cells can F35C8.6, K03E6.6, and Y18D10A.20, which encode pumaintain G-actin concentrations that are 1000-fold tative profilin proteins. (For sequence alignments, see higher than this critical concentration [1, 2]. This is acthe Supplementary Material available with this article complished by F-actin capping proteins, which inhibit online). We used RNA interference (RNAi) to test all three extension at the barbed end of preexisting MFs, and by profilins for embryonic requirements (see the Experi-G-actin-sequestering proteins, which inhibit the nuclemental Procedures). RNAi of Y18D10A.20 resulted in ation of new MFs as well as elongation at exposed 100% embryonic lethality beginning 20-26 hr postinjecbarbed ends [3] . These two classes of actin binding tion. Injected worms became sterile approximately proteins hold the MF cytoskeleton in a metastable state 26-30 hr postinjection, suggesting that Y18D10A.20 may in which nucleation of actin filaments is the rate limiting be required for oogenesis or fertilization, in addition to step in MF assembly. Actin polymerization occurs when embryogenesis. Microinjection of F35C8.6 and K03E6.6 free barbed ends are presented to the cytoplasm by dsRNA, either separately or together, did not result in embryonic lethality, and simultaneous RNAi of all three profilins did not enhance the defects resulting from depletion of Y18D10A.20 alone. Hereafter, we will refer either antiserum with the immunogenic peptide (n ϭ 15) both substantially reduced or eliminated cortical and to the product of the Y18D10A.20 open reading frame as PFN-1, and we will refer to embryos produced by cytoplasmic staining. We next examined PFN-1 localization after using RNAi worms injected with pfn-1 dsRNA as pfn-1(RNAi) embryos.
to deplete other components of the actomyosin cytoskeleton ( Figure 3A) . We found that PFN-1 and actin Following fertilization, the wild-type C. elegans embryo is polarized along the anterior-posterior (A-P) axis distributions were unchanged in embryos with reduced function of NMY-2 (14/15 embryos) or of the myosin II by an MF-dependent process, resulting in the establishment of multiple asymmetries that include the position regulatory light chain MLC-4 (6/6 embryos). Surprisingly, PFN-1 also localizes normally after disruption of cortical of pronuclear meeting and the position and shape of the first mitotic spindle (Figures 1A-1C) [12, 13] . These actin by RNAi inhibition of the nonmuscle actin act-5 (6/7 embryos) or by a strong combination of cyk-1 alleles asymmetries are reduced or abolished in pfn-1(RNAi) embryos, and this finding suggests that polarization of (7/7 embryos, see below). Because the cyk-1 allelic combination retains some function, and RNAi depletion of the A-P axis is disrupted (Figures 1A-1C . Consistent with a requirement in oogenserved in wild-type embryos exposed to MF-depolymeresis, we detect CYK-1 protein in wild-type gonads (Figizing drugs [12, 14] . We therefore examined the localizaure 4C), and oocyte cellularization is disrupted in cyktion of actin and the nonmuscle myosin II heavy chain 1(s2833) hermaphrodites ( Figure 4B ). NMY-2, which localize throughout the cortex of wildAlthough cyk-1(s2833) homozygous mutant worms type embryonic cells (Figure 2A ) [15] [16] [17] . While some are sterile, many cyk-1(s2833)/cyk-1(t1568) worms are patches of cortical actin and myosin are still present in fertile and produce embryos that fail early in cytokinesis pfn-1(RNAi) embryos, they are discontinuous and well ( Figure 4D ) and have severely reduced F-actin localizaseparated (Figure 2A and PFN-1 are essential for the assembly of the cortical actin network that encircles C. elegans embryonic cells. Moreover, membrane ingressions form around the entire Discussion cortex of wild-type embryos following fertilization, and deep invaginations that resemble cleavage furrows form We have shown that the C. elegans profilin PFN-1 and at ectopic locations in some mutant backgrounds [28] . the FH protein CYK-1 are required for assembly or stabilWe propose that the entire cortical actomyosin cytoskelity of the cortical actomyosin cytoskeleton and for cytoeton in C. elegans embryos resembles a contractile ring kinesis. In contrast, the Arp2/3 complex is required for and is required not only for cytokinesis but also for cell migrations during gastrulation, but not for cortical embryonic polarity. Furthermore, the Arp2/3 complex is accumulation of actomyosin or for cytokinesis. These dispensable for contractile ring assembly in S. cerevisfindings suggest that PFN-1 and CYK-1 either nucleate iae [29], and we suggest that this is also true for cortical MFs or stabilize MFs nucleated by an Arp2/3-independent mechanism. microfilament assembly in worm embryos. 
